Background Bone chondrosarcomas are rare malignant tumors that have variable biologic behavior, and their treatment is controversial. For low-grade tumors, there is no consensus on whether intralesional en bloc resections are the best treatment. Questions/purposes We therefore compared patients with Grade 1 and Grade 2 primary central chondrosarcomas to (1) determine difference in survival and (2) local recurrence rates; and (3) determine any association of histological grade with some clinical and demographic characteristics. Methods We retrospectively reviewed 46 patients with grade 1 and 2 chondrosarcomas. There were 25 men and 21 women with a mean age of 43 years (range, 17-79 years). Minimum followup was 32 months (mean, 99 months; range, 32-312 months) for the patients who remained alive in the end of the study. Twenty-three of the tumors were intracompartmental (Enneking A); of these, 19 were Grade 1 and 4 were Grade 2. Twenty-three tumors were extracompartmental (Enneking B); of these, 4 were Grade 1 and 19 were Grade 2. Twenty-five patients underwent intralesional resection, 18 had wide resection, and three had amputations. Results The overall survival rate was 94% and the disease-free survival rate was 90%.
Introduction
Chondrosarcoma is the second most common bone sarcoma [11, 18] , accounting for around 20% of bone sarcomas in the United States [14] . It arises mainly in patients over 40 years of age, has a slight male predominance, and can be either primary or secondary to a previous benign chondral lesion such as an osteochondroma or an enchondroma. Histologic grading, proposed by Lichtenstein and Jaffe [13] , is intended to reflect the aggressiveness of the lesion, with Grade 1 tumors designated as low-grade and grades 2 and 3 as high-grade neoplasms. Both musculoskeletal oncologists Each author certifies that he or she has no commercial association (eg, consultancies, stock of ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. Each author certifies that his or her institution has approved the human protocol for this investigation, and that all investigations were conducted in conformity with ethical principles of research, and that informed consent for participation in the study was obtained. and pathologists generally use plain radiographs in assessing the aggressiveness of the tumor. Nevertheless, there is considerable controversy regarding the low reliability of the pathologic and radiographic grading of these tumors, as demonstrated in the SLICED study [16] .
The mainstay of treatment is surgery, once chemotherapy or radiation therapy is not effective [5] [6] [7] . Patients with Grade 1 tumors have a 90% 5-year survival rate, whereas only 40% to 60% of patients with grades 2 and 3 tumors will survive after 5 years [7, 8] . A recent population study suggested that patients who survive for ten years are more likely to die of events that were unrelated to chondrosarcoma, and that female sex, a low histological grade, and local surgical stage are associated with a considerable disease-specific survival benefit [10] . However, great variation in biologic behavior between grades is characteristic of chondrosarcoma, ranging from a latent or slow-growing tumor to an aggressive sarcoma, with rapidly developing pulmonary metastasis. Low-grade tumors usually have a more benign behavior, as well as a less aggressive aspect on imaging with no cortical expansion, destruction, or soft tissue mass. High grade chondrosarcomas on the other hand typically exhibit all three.
A number of authors recommend wide resections for grade 2 and 3 tumors and for extracompartmental Grade 1 lesions [1, 3, 9, 12] . However, there is some controversy regarding the adequate surgical margin for low-grade intracompartmental chondrosarcomas. Some authors advocate wide resection [8, 11] , while others believe intralesional resection augmented with a surgical adjuvant, such as liquid nitrogen, phenol, electrocautery and argonbeam laser, is adequate [7, 17] .
Unfortunately, biopsy in chondral intramedullary lesions is unreliable [8, 14] for grading and often misleads the surgeon to inadequate surgery [5, 6] . Therefore, clinical history and imaging studies are extremely important when choosing the appropriate surgical technique. Radiographic characteristics such as cortical thickening, expansion or destruction, and soft tissue mass usually point to a more aggressive, high-grade tumor [8, 15] .
We therefore compared patients with Grade 1 and Grade 2 primary central chondrosarcomas to (1) determine whether there is any difference in survival rates and (2) local recurrence rates; (3) determine whether there is any association of histological grade with clinical and demographic characteristics; and (4) establish a treatment algorithm of central chondral bone lesions on the associations.
Patients and Methods
We retrospectively reviewed all 94 chondrosarcomas treated from 1986 to 2006, with a minimum followup for the living patients of 30 months. Of these we excluded 48 secondary, mesenchymal, dedifferentiated periosteal and grade 3 chondrosarcomas, which left 46 grade 1 and 2 primary central chondrosarcomas. There were 25 men (54%) and 21 women (46%) and the mean age was 46 years (range, 17-79 years). Twenty-three of 46 (50%) were histologic Grade 1 tumors, and, thus, the remaining 23 were Grade 2 cases. The minimum followup was 32 months (mean, 99 months; range, 32-312 months) for the patients who remained alive in the end of the study. Three patients died, at 2, 17 and 43 months of followup (mean considering all patients: 94 months).
We recorded the age, gender, followup period (in months), anatomic location (axial or appendicular skeleton, upper or lower limb), staging according to the Enneking system [4] (intra-[A] or extracompartmental [B]), type of surgery, surgical margins, surgical complications, local recurrence, and survival. The femur was the most common anatomic site, with 21 cases (46%), followed by the humerus (nine) and the iliac bone (five). Other sites included proximal phalanx (three), scapula (one), metacarpal (one), lumbar vertebrae (L2) (one), and pubis (one) ( Fig. 1 ). Thirty-nine tumors (85%) were located in the appendicular skeleton and only seven (15.2%) in the axial skeleton. Twenty-five (54%) were in the lower limbs and 14 (46%) in the upper limbs. We decided to include axial and hand cases in this study due to epidemiological reasons, as this is a very rare tumor. Half the cases were intracompartmental (Enneking stage IA or IIA) and the other half were extracompartmental tumors (Enneking IB, IIB, and IIIB) ( Table 1) . One case was extracompartmental and metastatic at diagnosis (Enneking IIIB).
Biopsy was performed in 25 of 46 cases (54%). All slides from the biopsies and resected specimens were reviewed by two pathologists experienced in musculoskeletal oncology and the diagnosis of primary central chondrosarcoma was confirmed. Histologic grading was determined according to Lichtenstein and Jaffe [13] , based on the resected specimen. The correspondence between the grade obtained in biopsy and the resected specimen was 60% (Table 1) . Biopsy was performed in 11 Grade 1 cases and good correspondence was found in eight. Among the 14 biopsied Grade 2 cases, correspondence to the resected specimen occurred in seven cases.
Among the 23 Grade 1 cases, there were 15 men and eight women, with a mean age of 43.6 years (SD, 15.3). Nineteen had intracompartmental (IA) and four had extracompartmental (IB) tumors. Twelve tumors were localized in the femur, seven in the humerus, two in the proximal phalanx, one in the metacarpal, and one in the iliac bone. Mean followup in this group was 94.8 months (range, 32-312 months). Nineteen patients underwent intralesional resection, three underwent wide resection, and one had an amputation. Among the Grade 2 tumors, 17 were in men and six were in women. The mean age for this group was 42.5 years (SD, 18.3). Eighteen lesions were Stage IIB, four Stage IIA, and one Stage IIIB (pulmonary metastasis). Ten cases were localized in the femur, four in the iliac bone, four in the tibia, two in the humerus, and one each in the scapula, lumbar vertebrae (L2), and pubis. The average followup in this group was 103.9 months (range, 46-207 months). Fifteen patients had wide resection, six had intralesional resection, and two underwent amputation. Although the age was similar in both groups, there were more women with Grade 1 tumors and more men with Grade 2 tumors. Grade 1 lesions were equally distributed between upper and lower limbs. Grade 2 tumors, however, were more common in the lower limbs. We noted a trend towards Grade 1 tumors being appendicular and Grade 2 lesions being located in the axial skeleton. Most Grade 1 tumors were intracompartmental, and Grade 2 tumors usually were extracompartmental.
Twenty five patients had intralesional resection and electrocauterization, followed by cementation of the resulting cavity (Table 1) . Eighteen patients underwent wide resection and three underwent amputation. Most patients with Grade 1 tumors had intralesional resection and cement, while most with Grade 2 tumors had en bloc resection.
The patients were evaluated each 3 months for the first 2 years, then each 6 months until 5 years and annually afterwards. Local radiographs and physical exam were performed at each evaluation. If local recurrence was suspected, additional imaging was requested (CT scan or MRI). Chemotherapy and radiation were not used. Lung metastasis was assessed with CT scan. Surgical margins were evaluated according to the Enneking staging system [4] . The frequency distribution of each attribute (patient characteristics) was presented in summarized contingency tables to describe the nominal data. To examine a possible association between gender and histological grade, the chisquare test was used. This test was also used to verify if the presence of biopsy was associated with the histological grade. Fisher's exact test was used to verify if biopsy accuracy, anatomic localization of the tumor, appendicular skeleton, Enneking staging, type of surgery or surgical complications were associated with histological grade,1 or 2. The Kaplan-Meier survival was determined for patient survival and disease-free survival according to histologic grade (1, 2) . To compare the survival between the different groups of patients (according to grade), the Cox-Mantel log-rank test was used.
Results
The overall survival rate was 94% (43/46) ( Fig. 2) . Four patients in the Grade 2 group and 2 in Grade 1 were alive with disease (13%). Thus, the disease-free survival rate was 89% (38/46). Local recurrence rate was 26% (6/23) in Grade 1 tumors and 43% in Grade 2. The recurrences were detected in a mean time of 23.5 months (range, 9-46 months). Among these six local recurrences, one showed as histological Grade 1 and the other five became Grade 2 lesions. These patients then underwent four wide resections and two intralesional resections. Both intralesional procedures and one of the four wide resections recurred for a second time. One patient had an amputation and was free of disease at last followup; two patients were lost to followup. Overall survival rate in Grade 1 tumors was 100% (Fig. 2) , although two patients were alive with disease at the last evaluation, which were at 32 and 87 months of followup. Therefore, the disease-free survival rate was 91.3% ( Fig. 3A-D) .
Local recurrence rate for the Grade 2 group was 43.4% (10/23). Among the 11 recurrences, one patient was inoperable and died of the disease 17 months after diagnosis (recurrence grade was unknown). Eight tumors recurred as histologic Grade 2, one as Grade 1, and one as Grade 3 chondrosarcoma; in all eight patients we reviewed the original histological sections and confirmed they changed grade. Three were treated with en bloc resection, three with intralesional resection, three with amputation (one developed pulmonary metastasis and died of the disease at 46 months), and one with soft tissue resection only. Five patients (50%) had second recurrences. Three had been treated with intralesional procedures, one with en bloc resection, and one with soft tissue resection. Among these five patients, two had amputations (one died of brain and pulmonary metastasis 2 months after surgery), one underwent an additional intralesional resection and was free of disease at last followup, one had a third local recurrence, was amputated, and was free of disease, and one who was treated with intralesional resection was lost to followup. The overall survival rate for Grade 2 chondrosarcomas in this study was 91.3% (Fig. 2) . Three patients died of the disease at 2, 17, and 46 months and one was alive with disease at the last followup (64 months), thus establishing the disease-free survival rate at 82.6% (Fig. 4A-C) . The local recurrence rate was 32% in intralesional resections and 44.4% in en bloc resections. Among Grade 1 lesions treated with en bloc resection, there was one recurrence (33%). On the other hand, there was a 26.3% local recurrence rate (5/19) with intralesional resections in Grade 1 tumors. In Grade 2 tumors, we had a local recurrence rate of 46.6% in en bloc resection cases, as opposed to 50% in intralesional resections.
No association was found between histological grades and clinical or demographical data.
Surgical complications occurred in two Grade 1 cases and six Grade 2 patients (17% of the total) ( Table 1 ). There were four cases of endoprosthesis loosening, three fractures after intralesional resections and cement, and one case of infection after wide resection and reconstruction with endoprosthesis. We believe that the fractures occurred more due to the lack of prophylactic osteosynthesis, than to the electrocauterization and cementation, although we do not have data to prove it.
Based on the data we constructed an algorithm based on the treatment choices made with these chondrosarcoma patients. This algorithm illustrates the rationale for the bone lesion treatment that is used in our service and the sequence of diagnostic or therapeutic procedures in each clinical situation (Fig. 5 ).
Discussion
Primary central cartilaginous bone lesions present a challenge in diagnosis and treatment due to the wide biologic behavior spectrum of these tumors. The controversy resides in the fact that pathologic and radiographic grading of these tumors is not fully reliable [16] . Distinguishing an active enchondroma from a Grade 1 chondrosarcoma is often difficult, as imaging characteristics such as cortical thickening and endosteal scalloping may be present in both lesions. However, other radiographic signs, such as soft tissue mass, cortical expansion, thickening, and destruction, have been described and may indicate a Grade 2 chondrosarcoma [16] . Although these are subjective parameters, we believe that meticulous analysis of history, clinical signs, and radiographic characteristics can diminish the misjudgment of the chondrosarcoma grade to a comfortable level. In addition to the difficulty in diagnosis, there is also the issue of which surgical margin is adequate for each grade. There is no consensus about the adequate surgical margins for low grade tumors. Almost all authors agree that in grade 2 and 3 chondrosarcomas, a wide resection is mandatory. Grade 1 extracompartmental chondrosarcomas are also generally treated with wide resection. However, there is some controversy in Grade 1 intralesional chondrosarcomas. Streitbürger et al. recently published data that suggest that intralesional resection and cementation did not worsen either the local recurrence or the survival rate [17] and this finding was corroborated by Donati et al. [2] . We therefore compared patients with Grade 1 and Grade 2 primary central chondrosarcomas to (1) determine whether there is any difference in survival rates and (2) local recurrence rates;
(3) determine whether there is any association of histological grade with clinical and demographic characteristics; and (4) to establish a treatment algorithm of central chondral bone lesions on the associations.
There are important limitations to our study. First, the study includes patients spanning 20 years, with different surgical teams and different pathologists. Thus, a possible bias would be the learning curve of surgeons and pathologists, working in a still controversial area of study, where no definitive evidence is available yet. Second, no patients were seen in followup for this study and the data were obtained from charts; and, in some cases, patients were lost for followup (there were no missing data). Nevertheless, according to the data presented here, we believe the algorithm described is adequate for managing central chondral bone lesions. Third, although we found a higher recurrence rate than the recent literature, we share the same difficulties as other orthopaedic oncologists regarding the management of chondrosarcomas. Therefore, larger, multicenter randomized prospective studies are needed to establish valid guidelines for these tumors.
In high-grade chondrosarcomas, local recurrence undoubtedly compromises survival [13] . However, there is controversy when Grade 1 chondrosarcomas are considered. There are studies suggesting that recurrences in Grade 1 axial skeleton chondrosarcomas do compromise survival [14] . However, other authors did not reach the same conclusion [6] . Schwab et al. observed a negative impact of local recurrence in survival in Grade 1 chondrosarcomas [15] . In this study we did not find correlation between local recurrence and survival for Grade 1 chondrosarcomas, since none of the six local recurrence patients died. On the other hand, all three Grade 2 patients who died of the disease experienced local recurrence after the resection procedure. When considering both groups, local recurrence negatively influenced survival.
We believe in the importance of standardized management of specific diseases. Achieving this objective is extremely difficult, especially when dealing with rare tumors such as chondrosarcomas: as stated by a recent study, the treatment algorithms have not improved survival rates in these patients yet [10] . Algorithms are an objective way of dealing with specific situations, and this is the reason we decided to analyze algorithm for primary central chondral bone lesions we currently employ at our service. According to the data presented here, this algorithm was proven adequate to manage these tumors, since no recurrence or survival information added by this research would justify changes in the sequence of procedures in each case. Our algorithm does not include biopsy of the lesion. Imaging assessment is mainly based on conventional radiography (two incidences). CT scan (for shoulder and pelvis girdles), MRI (for soft tissue mass detection and evaluation), bone scintigraphy, and PET-CT are additional optional imaging exams that may help determine the aggressiveness of the lesion. Once the radiography is thoroughly examined, the tumor must be classified either as a latent enchondroma, a Grade 1 chondrosarcoma, or a Grade 2 or 3 chondrosarcoma. If the presumptive diagnosis is a latent enchondroma, the patient is only observed with serial radiography. If the lesion progresses, intralesional resection, electrocauterization and cement is indicated. Grading of the resected specimen is carried out and if a grade 2 or 3 chondrosarcoma is unexpectedly found, then immediate wide resection is mandatory. For lesions with radiographic characteristics of intracompartmental Grade 1 chondrosarcoma, intralesional resection followed by electrocauterization and cement is the choice of treatment. If the lesion recurs, then en bloc resection is indicated. When the radiography shows signs of additional aggressiveness, suggesting a Grade 2 or even 3 chondrosarcoma, then wide resection is promptly indicated.
